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ABSTRACT 
Prominent monosynaptic and disynaptic reflex discharges  characterize ipsilateral 
reflex transmission  in the third sacral segment.  Convergence upon the motoneurons 
from the two sides of the body is inhibitory, that through disynaptic paths excitatory. 
The relative latencies  of excitation and inhibition of reflex responses,  of excitatory 
and inhibitory synaptie potentials, and of various aspects of impulse  discharge  in 
motoneurons are considered.  It is  concluded:  (1)  that a  direct (i.e. monosynaptic) 
action of primary afferent collaterals  upon motoneurons is responsible for inhibition 
of monosynaptic reflex discharge of antagonist motoneurons within a myotatic unit; 
(2) that the inhibitory postsynaptic potential as described is not the primary agency 
for monosynaptic reflex inhibition of monosynaptic reflex discharge; (3) that, however, 
a common causal agent may be responsible for inhibition of reflex discharge and for 
generation of an inhibitory postsynaptic potential; and (4) that the inhibitory post- 
synavtic potential may be linked with, or be the agent for, inhibition of soma response. 
That the terminal segments of the spinal cord differ in fine structure from 
the segments of the much studied lumbar enlargement invites inquiry into the 
functional organization of the reflex connections therein contained. The results 
of such an inquiry form the substance of the ensuing description and discussion. 
For the most part observation has been centered upon action, and inhibition, 
in the third sacral segment; the preparations being decapitate cats, severance 
of the cord, under ether anesthesia, being at the level of the aflanto-occipital 
membrane,  which  done  the  anesthetic  was  discontinued.  Dorsal  roots  were 
prepared for stimulation, ventral roots for recording. Depending upon experi- 
mental purpose the ventral root leads  either were or were not disposed in a 
manner calculated to record ventral root electrotonus (postsynaptic potentials). 
Ipsilateral Responses.--A reflexly subliminal afferent  volley engendered in the 
third  sacral  dorsal root will  cause  the appearance in  the corresponding ipsi- 
lateral ventral root of a  negative postsynaptic potential,  the early course of 
which is to be seen in Fig. 1 A. Slight increase in afferent volley size causes the 
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appearance, on the rising phase of the postsynaptic potential, of a well synchro- 
nized monosynaptic reflex response. At its base the monosynaptic reflex spike 
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FzG. 1. Ventral root responses in the third sacral segment to ipsilateral  and contra- 
lateral dorsal root voUeys. A, B, C, responses to ipsilateral  volleys of incrementing 
magnitude. D, response to contralateral volley. E, response to weak ipsilateral  volley. 
F, response to contralateral and ipsilateral  volleys, as used for D and E respectively, 
combined in synchrony. Time, 0.5 msec. 
potential so evoked, and illustrated in Fig.  1, B  and E, has a  duration of 0.7 
to 0.8 msec. which fact justifies the epithet "weU synchronized", for a discharge 
in perfect synchrony would yield a  spike potential  approximating 0.6 msec. 
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Further  increase  in afferent volley size, whilst increasing  in amplitude  the 
monosynaptic reflex response if this has been submaximal, which in fact it was 
in Fig. 1 B, gives rise to the discharge of a reflex volley at a latency some 0.7 
to 0.8 msec. longer than that of the monosynxptic reflex (Fig. 1 C). At the same 
time an increase in the postsynaptic potential amplitude is realized. By reason 
of latency the second reflex volley as seen in Fig.  1 C  is judged the result of 
excitatory action relayed from the primary afferent fibers through  one inter- 
nuncial  relay.  Since  it  is  nearly  as  synchronous  as  the  monosynaptic  reflex 
despite the fact of internuncial  relay one can only suppose that  the pathway 
involved is strictly limited in the number of internuncial  relays serially inter- 
posed between primary  afferent  fibers and  motoneurons.  In  this  manner  of 
response the third sacral segment is very different from the seventh lumbar or 
first sacral segments, for example, forin those latter segments any dorsal root 
volley of magnitude  sufficient to  secure an  internuncially  relayed reflex dis- 
charge  produces  not  a  powerful  reasonably  synchronized  disynaptic  reflex 
volley such as here depicted (Fig. 1 C), but rather a diffuse discharge dispersed 
over a number of milliseconds (Lloyd, 1943). 
The monosynaptic and disynaptic ipsilateral  reflex discharges  of the  third 
sacral segmental reflex in some preparations  may be fused to a greater degree 
than is exemplified in Fig. 1 C, and, in fact, the reflex discharge may take on 
the aspect of an unimodal  spike potential.  When this occurs the base of the 
spike potential is some 2 msec. in duration  which in itself is enough to make 
the wary skeptical  of the seemingly unimodal  nature  of the response,  but in 
addition by manipulation  of stimulus strength  within  the range employed to 
obtain records 1 B and 1 C one can differentiate the components. Discussion of 
this  question may seem labored,  but in reality is not because experience has 
shown that careless assumption of monosynxpticity, latency being correct but 
duration not appropriate,  could lead to the conclusion that the reflex mecha- 
nism is inconsistent in its behavior from one to another preparation  in other- 
wise similar experimental circumstances whereas, in fact, it is not. 
Contralateral Response.--With the use of afferent volleys of strength su~cient 
to secure ipsilateral monosynaptic reflexes (as in Fig. 1, B and E) no response 
is to be found in the contralateral  ventral root. However, volleys sufficient to 
produce the disynaptic reflex ipsilaterally (as in Fig. 1 C) do lead to change in 
the contralateral  ventral root. This change, to be seen in Fig. 1 D, consists of 
a negative postsynaptic potential the latency of which is 0.7 to 1.0 msec. longer 
than is that of the ipsilateral postsynxptic potential. With the use of sufficiently 
strong  stimulation  this  contralateral  postsynaptic  potential  characteristically 
increments in two steps and may have at its maximum a small discharge super- 
imposed upon it, but its initial rise, which is as rapid as that of the ipsilateral 
monosynaptic postsynaptic potential, and its amplitude,  which is greater than 
that  of the ipsilateral  monosynaptic postsynaptic potential  are qualities  that 
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a sizeable reflex discharge contralaterally as it does ipsilaterally. Although one 
may not regard these facts as constituting crucial evidence yet do they suggest 
that the transmitter potentiality of action impinging upon motoneurons and 
its potentiality for  causing  the generation of postsynaptic potential  are not 
necessarily covariant. 
Response to Convergent Volleys  from the Two Sides of tke Body.--The main 
facts of convergent influence can be shown by a  simple experiment in which 
afferent volleys are engendered synchronously in the dorsal roots of the two 
sides  and  the  result  recorded  in  either ventral  root,  or both  ventral  roots 
simultaneously. In the experiment illustrated recording was from one ventral 
root. The change caused in that root by stimulation of the contralateral dorsal 
root is the postsynaptic potential recorded in Fig. 1 D, that caused by stimu- 
lation, at weaker strength, of the ipsilateral dorsal root is the monosynaptic 
reflex and postsynaptic potential recorded in Fig. 1 E. Combined, synchronous 
stimulation of the two dorsal roots secured the response depicted in Fig. 1 F. 
A  large disynaptic reflex spike potential, not present when either root was 
stimulated in isolation at the stimulus strengths employed, appears in Fig. 1 F 
as the result of convergence of impulses from the two sides.  There is coinci- 
dentally an inhibition of the ipsilaterally evoked monosynaptic reflex which 
could only have been a  consequence of the convergent contralateral afferent 
volley (Lloyd, 1944). 
The fact that the ipsilateral monosynaptic reflex of Fig. 1 E is approximately 
70 per cent maximal means that the ipsilateral component of the bilateral con- 
vergence responsible for the disynaptic reflex spike potential of Fig.  1 F  is 
mediated through group I afferent fibers as is the contralateral component. One 
may suppose that group Ib fibers from the two sides are involved whilst recog- 
nizing that no proof of this exists. The stimuli employed to elicit the ipsilateral 
response of Fig. 1 C and the contralateral responses of Fig. 1 D were of magni- 
tude sufficient to provoke action by group II fibers and yet in neither instance 
were polysynaptic reflex discharges of the sort so characteristic of reflex action 
in  the  lumbar  enlargement a  significant feature.  Such  discharges,  however, 
have been seen following strong stimulation. 
A point of interest concerns the relative location in time of monosynaptic 
and disynaptic transmitter action upon the motoneurons. Stated in relation to 
the time of stimulation disynaptic transmitter action commences at 1.7 to 1.8 
msec. Monosynaptic transmitter action upon the motoneurons begins at  1.0 
msec. The end of the monosynaptic reflex spike potential in response to this 
action, even with submaximal stimulation, is at 2.0 msec. Now, the duration 
of a  mammalian single fiber spike according to the shortest estimate (Gasser 
and Grundfest,  1939) is 0.5 msec. Making use of this figure the last mono- 
synaptic reflex impulse was in the ventral root at 1.5 msec. which is 0.2 to 0.3 
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neuron somata. Otherwise put the disynaptic action could not influence  even 
the last of the monosynaptically generated reflex impulses. 
It is also of interest that the latencies of the disynaptic postsynaptic potential 
(Fig.  1 D) and of the disynaptic reflex spike potential (Fig.  1 F) differ by no 
more than  0.1  msec.  Since  the contralateral  impingement  is essential  to the 
action that produces the disynaptic reflex spike of Fig.  1 F  (the considerable 
postsynaptic potential behind the monosynaptic reflex spike potential in Fig. 1 
E being incapable of securing  discharge)  it follows that the transmitter action 
of the contralateral  volley was exerted coincidentaUy  with  the onset of the 
disynaptic postsynaptic potential, which is to say at a time when it could not 
have added significantly  to the level  of postsynaptic potential  in the moto- 
neurons.  And yet the disynaptic reflex response is of considerable  magnitude. 
This is yet another evidence of the difficulties  to be faced by the hypothesis 
that the level of postsynaptic potential uniquely determines the occurrence of 
motoneuron discharge. 
Inhibition.--In  some ways the most  interesting  feature  in  the  functional 
organization  of the terminal  segments of the spinal  cord is that  the lowest 
threshold afferent fibers pertaining to one side of the cord inhibit action by the 
motoneurons of the opposite side (Lloyd, 1944 and Fig.  1 F). The inhibition 
has been stated to be the consequence of action by the primary afferent fibers 
directly impinging  upon  the motoneurons  (Lloyd,  1944; Wilson and  Lloyd, 
1956). Conversely it has been stated to be the consequence of action by inter- 
neurons intercalated between the primary afferent fibers and the motoneurons 
(Curtis, Krnjevic, and Miledi,  1958). 
The third sacral segment presents a most favorable preparation for the study 
of direct inhibition for the pathways involved are short, equal, and symmetrical 
whereas in all other known situations (Lloyd, 1941, 1946; Laporte and Lloyd, 
1952; Eccles, Fatt, and Landgren,  1956), the paths are of different lengths in- 
volving longitudinal  as well  as  considerable dorsiventrad  conduction in col- 
laterals of largely unknown properties. 
The experiments to be described in connection with Fig. 2 present some new 
features of technique that remove all doubt concerning  the respective latencies 
for  direct  excitation  and  direct  inhibition  of  motoneurons.  In  all  previous 
experiments with  direct inhibition,  including  those of Curtis,  Krnjevic,  and 
Miledi,  a test volley involving one motor nucleus has been placed at varying 
intervals relative to a conditioning volley. Utilizing  that method there may be 
room for doubt as to the exact relation between volleys that  represents the 
"physiological" zero time on the scale of abscissae. 
In  the present  experiments both dorsal roots of the third  sacral  segment 
have been fitted with stimulating  electrodes and both ventral roots with re- 
cording  electrodes so that with the aid of a dual beam oscilloscope the mono- 
synaptic reflexes of botk sides could be recorded simultaneously.  The stimulus 1224  ORGANIZATION  IN  TERMINAL  SEGMENTS  O1~  SPINAL  CORD 
to and response of one side in time were centered on the oscilloscope screen and 
those to and of the other side moved so as initially to antecede, then to coincide 
with, and finally to trail them. In this way each monosynaptic reflex volley was 
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FIG. 2. Conditioning d  monosynaptic reflexes of the third sacral segment by contra- 
lateral dorsal root volleys. Responses on both sides were recorded simultaneously so 
that each monosynaptic reflex constituted a test synchronous  with the other of the 
conditioning  action of the dorsal root volley contralateral to it. Zero on the abscissa 
is set at volley coincidence. To the left of zero one volley leads, to the right the other 
volley leads. The results of four experiments are illustrated. 
constantly a test of action by the dorsal root volley contralateral to it, and the 
question  of setting  "zero  time"  according to  postulates  or beliefs,  however 
reasonable they may be, does not arise. 
In Fig. 2 are the results of four experiments. In each the solid symbols and 
the open symbols plot the simultaneous amplitude of the  two monosynaptic 
reflexes expressed in percentages of control or unconditioned amplitudes.  In DAVID  P.  C.  LLOYD  AND  VICTOR  J.  WILSON  1225 
three of the preparations the experiment was done twice and independently by 
the two authors. Triangles and circles distinguish the experimental points ob- 
tained by the one and the other respectively. 
In one of the four experiments (Fig. 2 top left) by conservative interpretation 
of the experimental points, inhibition was in evidence only when test volleys 
trailed the conditioning volleys by 0.06 msec. or some value greater. In another 
(bottom left) it can be said that there was no interval between stimuli, re- 
gardless of which led, at which one or the other reflex was not inhibited. In the 
remaining two experiments it is quite clear that there was a considerable series 
of shock intervals at which both reflexes were inhibited simultaneously. Other- 
wise put the inhibitory volleys in these experiments could arrive as much as 
0.13 msec. later than the excitatory volleys and still exert a measurable inhibi- 
tory action. 
It  is  quite  evident  that  the  results  of  these  experiments,  done with  the 
improved method, are not in agreement with those of Curtis, Krnjevic, and 
Miledi who found (their Fig. 1) that the test volley must follow the conditioning 
volley by approximately 0.25 and 0.28 msec. for inhibition to occur. One might 
suppose that the use of an anesthetic in their experiments could be responsible 
for the discrepancy except for the fact that the experiments of Lloyd (1941) 
and Renshaw (1942,  1946), all done under the influence of nembutal, or dial, 
are  in  agreement  with  the  present  findings  and  not  with  those  of 
Curtis, Krnjevic, and Miledi. 
Concerning Inkibitory Postsynaptic  Potentials.---One  sees  in Fig.  1 D  that 
there is no postsynaptic potential change anteceding the onset of the negative- 
going postsynaptic potential associable with disynaptic reflex action despite 
the fact that  Fig.  1  F  demonstrates  the  existence during this period of an 
inhibitory action. The strength of stimulation can be decreased to the point 
that the negative (or excitatory) postsynaptic potential disappears, there still 
being an inhibitory action as proven by contralateral monosynaptic reflex text, 
and yet there is no positive or inhibitory postsynaptic potential. Two interpre- 
tations are possible. First, there could be an inhibitory postsynaptic potential 
in the motoneuron somata that does not extend by electrotonic conduction to the 
ventral  roots or,  second,  there may be  no potential change associable with 
inhibition  of  normal  motoneurons.  A  choice  between  these  possibilities  is 
readily made. If a  contralateral inhibitory volley that causes no postsynaptic 
potential in isolation is made to reach the motoneurons whilst they are ex- 
hibiting an excitatory postsynaptic potential as the result of ipsilateral dorsal 
root stimulation (i.e.  are depolarized relative to normal membrane potential 
level)  the inhibitory, or positive-going, potential change does appear.  Since, 
then, it can extend by electrotonus to the ventral root one can only conclude that 
its non-appearance in the normal resting circumstance is because there is no, or 
next to no, inhibitory postsynaptic potential generated. One need not belabor 
the point that inhibition and a positive-going potential change (in this case an 1226  ORGANIZATION IN  TE]~M~NIAL SEGMENTS  OF  SPINAL  CORD 
inhibitory postsynaptic potential) are separable phenomena (Fatt and Katz, 
1953). Since inhibitory postsynaptic potentials can be recorded in motoneurons 
by means of intracellular electrodes one may suppose that an essential factor 
in their appearance may be depolarization either by electrode penetration or 
by other intercurrent conditions. 
Curtis, Krnjevic, and Miledi have made the suggestion that their "finding 
that impulses in contralateral low-threshold fibres inhibit some motoneurons 
and excite others  accounts for the inability of Wilson and Lloyd (1956)  to 
demonstrate a positive ventral root potential." This could only happen if the 
latencies  for  excitatory and  inhibitory synaptic potentials  were  identical-- 
which is not in accord with their own finding. Furthermore, as stated above 
the presence of excitatory postsynaptic potential (depolarization) is the sine 
qua non for the recording in a ventral root of an inhibitory postsynaptic po- 
tential. 
On  the Latency  of  Inhibition.--In  the  motor  performance  of  an  animal 
inhibition is a relaxation of muscle brought about by a centrally induced cessa- 
tion,  or prevention,  of motor impulse discharge to  the peripheral  muscula- 
ture. In our minds it is essential when speaking of the latency of inhibitory 
action to consider inhibition of reflex action rather than a potential change that 
may or may not be present depending upon circumstance, which, consequently, 
is not an essential sign of inhibition, and which may differ from the actual 
inhibition in latency and time course. It is also essential, for reasons that will 
emerge later, to consider inhibition of impulses otherwise destined to project 
through the ventral roots to muscle rather than impulses that may or may not, 
depending  upon  circumstance,  be  occupying  the  somata  of  motoneurons. 
In the original description of direct inhibition (Lloyd, 1941) it was shown 
in narcotized preparations,  that inhibition occurred when an S1  dorsal root 
test volley was nearly synchronous with an L6 dorsal root conditioning volley. 
Renshaw's experiments (1942) were not in disagreement and indeed his Fig. 3 
shows the inhibition of the L6-vastus internus reflex by an L7 volley to begin 
at the time of arrow b in the figure. To quote his words: "At the shock interval 
indicated by the arrow b, the conditioning and testing dorsal root volleys arrived 
simultaneously at the L6 segment of the spinal cord." While recognizing the 
equality of the  excitatory and  inhibitory pathways Renshaw was  not sure 
whether tither was monosynaptic or not. To  quote again: "It has therefore 
seemed wise to be noncommittal as to whether or not the tested discharges 
were strictly  2-neuron arc  discharges, as well  as  to whether  the  inhibitory 
effect was necessarily mediated by the direct action of the dorsal root fibers 
on the tested motoneurons.  ''1 It has become amply clear that the responses of 
1Eccles  and  his  colleagues have  frequently  referred  to  the  latter  part  of 
this sentence, but have consistently  neglected  the beginning.  Consideration of the 
entire sentence is mandatory if one is to appreciate  Renshaw's point of view which 
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which Renshaw spoke  were monosynaptic and  that  the  central  latency for 
direct inhibitory action is similar to  that of monosynaptic reflex excitatory 
action.  Those latencies can be  accounted for by assigning equal conduction 
properties  to the two sets of primary afferent collaterals involved and equal 
synaptic  delays  at  their  junctions  with  the  motoneurons.  Parenthetically, 
equality of inhibitory and excitatory synaptic delay is subscribed to by Eccles, 
Fatt, and Landgren (1956). 
Some comment on Renshaw's statements on the central inhibitory latency 
is necessary for Eccles, Fatt, and Landgren have made use of these estimates 
to suggest that the inhibitory latency is at least 0.7  msec.  longer than the 
shortest latency for monosynaptic excitatory action. In the first place Renshaw 
measured (for instance 1942, Fig. 3)  to a  shock interval at which inhibition 
was well established not to one at which it began. Hence his stated value 1.0 
to 1.1 msec. is too long. It is quite clear that the interval between arrows a and 
b of his figure rather than between arrows a and c gives the best measure of the 
onset of inhibitory action. That value is 0.85 msec. Now, to Renshaw's figure 
for central latency Eccles, Fatt, and Landgren would add 0.3 to 0.5 msec. be- 
cause it is the "later" part of the discharge that would suffer inhibition at the 
least interval. However, amplitudes of monosynaptic reflex spike potentials are 
measured at the peak to which the later discharges do not contribute (cf. Fig. 3). 
In our experience 0.3 msec. additional time would be the outside allowance. The 
sum then is 1.15 msec. for central inhibitory latency. Now further, the minimal 
central excitatory latency in the experiment of Renshaw was 0.95  msec. The 
difference 0.2 msec. is not enough to warrant the suggestion that an internuncial 
relay is involved in the inhibitory pathway (of. Eccles, 1957, p. 172, for a similar 
opinion rendered in another connection). 
Actually one is not prepared to make even 0.2 msec. concession with respect 
to  lateness  of  test  impulses,  for  the  most  carefully designed  and  executed 
experiments show (Fig. 2)  that as the peak of a  somewhat less  than ideally 
synchronized monosynaptic reflex falls a  little late then an inhibitory volley 
becomes effective not at approximate synchrony with the test volley but even 
when it follows the test excitatory volley by as much as 0.13 msec. The only 
supportable  statement  thus  is  that  the  central  latencies  for  monosynaptic 
reflex excitation and inhibition are approximately equal. 
The Latent  Period  of  Inhibition  According  to  Intracellular  Recording.- 
This,  and  the  problem  of  inhibitory postsynaptic  potentials,  will  be  dis- 
cussed with the aid of a  diagram (Fig. 3)  in which events are  considered in 
relation to onset of excitatory postsynaptic potential--a convenient reference 
point for it is  generally conceded to  have the  same  latency in  a  given  cir- 
cumstance however recorded.  Curve  a,  b,  c represents  diagrammatically the 
early course of a  postsynaptic potential as recorded by intracellular electrode. 
Line b, d  represents the earliest onset of a  soma spike according to  Coombs, 
Eccles, and Fatt (1955 a) and similar  publications; line c,  e the latest onset 1228  ORGANIZATION  IN  TERMINAL  SEGMENTS  OF  SPINAL  CORD 
(Coombs, Curtis,  and Eccles, 1957). Construction f, g, h, i, j  represents in ex- 
act time course the postsynaptic potential and reflex response seen in  Fig.  1. 
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FxG. 3.  Diagram  to  facilitate discussion  of excitatory  and inhibitory latencies 
Description in text. 
The  hatched  line  triangles  k  and  l  represent,  according  to  the  dimensions 
given by Gasser and Grundfest (1939), the spike potentials  of the first and of 
the last impulses discharged in that monosynaptic reflex response. Ove~-all dis- DAVID  P.  C.  LLOYD  AND  VICTOR  ].  WILSON  1229 
persion in that reflex is only 0.35 msec. Constructs m, n, p  and m, o, q give 
the standard deviations about the mean additional latency for the inhibitory 
postsynaptic potential according to Curtis, Krnjevic, and Miledi (1958). Inhi- 
bition of the reflex g, h, i was well established even when the inhibitory volley 
reached the cord 0.1 msec.  after the excitatory volley. In addition about 0.1 
msec.  might be allowed  for conduction of  the reflex response  to  the proxi- 
mal recording lead. 
Now, comparing the position of spike I with the over-all reflex g, h, i  it is 
apparent that the last spikes of the reflex discharge do not contribute to the 
measured amplitude of even this quite well synchronized  reflex. Hence Coombs, 
Eccles,  and Fatt  (1955) are incorrect in saying that "Renshaw should have 
used the longest and not the briefest latency for the testing monosynaptic 
reflex discharge,  which would have added about 0.5 msec. to the value which 
he derived for the central latency of direct inhibition." 
Next, it is quite evident that an inhibitory synaptic potential having in the 
third sacral segment the properties ascribed to it by Curtis,  Kmjevic, and 
Miledi (1958) could not have been responsible  for inhibition  of reflex  spike 
potential g, h, i. 
However,  it  may be  said  that  the  inhibitory postsynaptic  potential  as 
described by Curtis, Krnjevic, and Miledi (1958) on the basis of time relations 
could just be made to account for inhibition of motoneuron spikes as recorded 
by intracellular electrodes,  perhaps  not  the minimal latency spike  such as 
given by line b, d, but those of somewhat longer latency. This fact raises some 
important questions that require discussion which can center about the detailed 
analysis of direct inhibitory latency by Coombs,  Eccles,  and Fatt  (1955 b) 
upon a motoneuron pertaining to the biceps-semitendinosus  group. 
In their experiment a volley interval of 0.65 msec. provided the situation 
which gave a  measure of the shortest latency for inhibitory action on  the 
particular  neuron.  This,  their key experiment,  contains  several defects. In 
the first place the motoneuron studied had a resting firing index (Lloyd and 
McIntrye, 1955; Lloyd, 1958) of 100 and so might have been expected not to 
reveal inhibitory action except at its peak of intensity if at all.  Second,  the 
afferent volleys were recorded at the incorrect level of the cord; i.e., in the sixth 
lumbar doesal root. This had the effect of recording the quadriceps volley too 
early and the biceps-semitendinosus  volley too late. As pointed out by Laporte 
and Lloyd (1952) the convergent volleys must be recorded at the level of the 
ventral root from which test responses are recorded (cf. also Eccles, Fatt, and 
Landgren,  1955). When  this  is  done  inhibition  of  biceps-semitendinosus 
monosynaptic reflex  discharge by  quadriceps afferent volleys (Laporte and 
Lloyd, 1952, Figs.  8B, 9B,  15A) is shown to have a latency closely approxi- 
mating that of excitation. 
But the most significant  aspect of the experiment by Coombs, Eccles, and 
Fatt (1955 b) is that it measures latency for inhibition of a somatic spike p(>- 1230  ORGANIZATION  IN TERMINAL  SEGMENTS  OF SPINAL CORD 
tential not of a reflex discharge. Clearly latency for inhibition of a soma spike 
is no measure of the latency of reflex inhibition. It seems the more perplexing 
that Eccles (1957) should maintain that it is if only for the reason that Coombs, 
Curtis,  and  Eccles  (1957)  now  maintain  that  the  soma  spike  results  from 
backward transmission at a  low velocity (0.7  to 1.0 m. per sec.--Fatt,  1957) 
from the initial axon segment whereas the impulse discharged down the axon 
is sometimes "so early as probably (to be)  initiated in the first node of the 
medullated axon," not that one necessarily subscribes to this interpretation of 
the relative earliness of reflex discharge. 
One  can  now  begin  to  assemble  the  facts  concerning latency  of  central 
excitation and inhibition in monosynaptic reflex systems. These are: 
1.  Central latency for monosynaptic reflex transmission and for inhibition 
of motor discharge by group 1A primary afferent collaterals is approximately 
identical. 
2.  Central  latency for inhibitory postsynaptic potentials is  approximately 
0.7 msec. longer than that for excitatory postsynaptic potentials. 
3.  Central latency for inhibition of soma response is longer by as much as 
1.0 msec. than is central latency for inhibition of reflex discharge. 
The conclusions to be drawn from these facts then are: 
1.  That a  direct (i.e. monosynaptic) action of primary afferent collaterals 
upon motoneurons is responsible for inhibition of monosynaptic reflex discharge 
of antagonist motoneurons within a myotatic unit. 
2.  That the inhibitory synaptic potential as described is  not  the primary 
agency for monosynaptic reflex inhibition of monosynaptic reflex discharge. 
3.  That, however, a common causal agent may be responsible for inhibition 
of reflex discharge and for generation of an inhibitory postsynaptic potential. 
4.  That the inhibitory postsynaptic potential may be linked with, or be the 
agent for, inhibition of soma response. 
Note Added in  Proof.--Recently  Frank  and  Sprague  (Frank,  K.,  and  Sprague, 
J. M., Direct contralateral inhibition  in the lower sacral  spinal  cord, Exp. Neurol., 
1959, 1, 28) have studied the problem of inhibitory latency by the same technique as 
did Curtis,  Krnjevic, and Miledi finding, however, that the latency differential  be- 
tween intracellularly recorded excitatory and inhibitory potentials is only 0.3 to 0.7 
msec. This is to say that their largest differential  is equal to the mean differential 
according to Curtis,  Krnjevic, and Miledi. In the opinion of Frank and Sprague, the 
lesser values are probably too small to admit of an internuncial relay. They also point 
to other difficulties in accepting  an intercalated interneuron, but  remain  non-com- 
mittal. 
In  shortening  the  latency differential  between  excitatory  and  inhibitory post- 
synaptic potentials they bring the latter closer, but not yet close enough, to being a 
possible agent for inhibition  of reflex discharge; and at the same time lessen the possi- 
bility, even on the basis of the sort of evidence presented, of there being an inhibitory 
interneuron. DAVID  P. C. LLOYD  AND  VICTOR  J. WILSON  1231 
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